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Abstract
Background People with Down syndrome (DS)
usually display reduced physical fitness (aerobic
capacity, muscle strength and abnormal body
composition), motor proficiency impairments
(balance and postural control) and physical functional
limitations. Exergames can be an appealing
alternative to enhance exercise engagement and
compliance, whilst improving physical fitness and
motor function. This study aims to analyse the effects
of a Wii-based exercise program on physical fitness,
functional mobility and motor proficiency of adults
with DS.
Methods Twenty-seven adults with DS were
randomly allocated to an experimental group (Wii;
n = 14) or control group (n = 13). Participants in the
experimental group completed a 2-month Wii-based
exercise program, with three 1-h sessions per week
that included training games for aerobic endurance,
balance and isometric strength. Participants
completed assessments regarding anthropometric
measures, physical fitness, functional mobility and
motor proficiency.
Results Mixed ANOVA analysis showed a significant
group by time interaction for aerobic endurance,
explosive leg power and flexibility. Independent
samples t-test for change scores indicated significant
between-group differences favouring the
experimental group regarding speed of limb
movement, trunk strength and functional mobility, as
well as a trend towards significance on body weight.
Mann–Whitney’s U test for change scores
demonstrated between-group differences favouring
the experimental group for visceral fat as well as
running speed and agility. Large within-group effect
sizes were observed for explosive leg power
(d = 1.691), body weight (d = 1.281), functional
mobility (d = 1.218), aerobic endurance (d = 1.020),
speed of limb movement (d = 0.867) and flexibility
(d = 0.818) in the experimental group.
Conclusions Our findings suggest that Wii-based
exercise can be an effective tool to improve physical
fitness, functional mobility and motor proficiency of
adults with DS, including crucial measures such as
aerobic capacity and lower limb strength. Exergames
using Wii Fit or other equipment can be appealing
alternatives for adults with DS to engage in regular
physical activity, preventing sedentary behaviour and
decreasing the risk to develop cardiovascular diseases.
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Introduction
Down Syndrome (DS) is a chromosomal anomaly
caused by a trisomy during conception (Presson et al.
2013) that results in an additional copy of
chromosome 21 (de Graaf et al. 2011) and has a
prevalence between 6.1 and 13.1 per 10.000 people
(Presson et al. 2013). There is also a large amount of
evidence describing diminished physical fitness in
people with DS (González-Agüero et al. 2010; Pitetti
et al. 2013), including reduced aerobic capacity or
cardiorespiratory fitness (Baynard et al. 2008;
Mendonca et al. 2010; Fernhall et al. 2013),
diminished muscular strength (Pitetti et al. 1992;
Carmeli et al. 2002) and abnormal body composition
(van Gameren-Oosterom et al. 2012; Jiménez et al.
2015; Bertapelli et al. 2016). These physical fitness
shortfalls, mainly lower levels of strength and
endurance, lead to high levels of energy expenditure
during daily live activities by individuals with DS
(Horvat et al. 1997; Mercer & Lewis 2001). Greater
energy expenditure can decrease physical activity
tolerance, predisposing individuals with DS to
sedentary lifestyles.
People with DS also display generalised muscle
hypotonia, ligamentous laxity, articular hypermobility
and difficulties in agonist and antagonist muscle co-
contraction (Lewis & Fragala-Pinkham 2005).
Consequently, they experience changes in dynamic
balance, postural control and other motor proficiency
domains, as they are slower to adapt to motor task
demands and environmental changes and have less
ability to perform anticipatory postural adjustments
(Shields et al. 2008). These changes also impair visual
motor integration, agility, muscle strength, motor
control and movement reaction time (Rigoldi et al.
2011; Wuang & Su 2012). Furthermore, muscle
weakness and hypotonia seem to impair upper limb
movements and gait performance (Galli et al. 2008a).
In people with DS, lower limb strength is essential for
their overall physical health and to daily activity
performance (Cioni et al. 1994; Horvat et al. 1997).
People with DS usually engage in vocational activities
that demand physical rather than cognitive skills, and
reduced strength can hinder the development of their
work-related roles (Shields et al. 2008).
Thereby, the importance of encouraging physical
activity and exercise for people with DS cannot be
underestimated. Cowley et al. (2010) showed that
adults with DS who were more physically fit displayed
better performance on functional tasks such as
walking, rising from a chair and ascending/descending
steps. There are several systematic reviews suggesting
that exercise interventions can effectively improve
cardiovascular fitness (Dodd & Shields 2005), muscle
strength and balance (Li et al. 2013) as well as daily life
activities and social participation in individuals with
DS (Hardee & Fetters 2017). Also, there is a growing
recognition that exercise can promote positive
cognitive changes associated with exercise-induced
trophic factor enhancement, which further encourages
exercise interventions (Campos et al. 2016).
More recently, exergames have been highlighted as
an appealing alternative to promote physical activity.
Exergames have been explored in a wide range of
conditions (Hsu et al. 2011; Nilsagard et al. 2013;
Campos et al. 2015; Jaarsma et al. 2015) and across
several age groups (Franco et al. 2012; Chiu et al.
2014; Hammond et al. 2014; Jelsma et al. 2014; Park
et al. 2014; Jung et al. 2015). Exergames consist of
video games that demand physical activity, such as
Wii Fit and Wii Sports, allowing participants to
achieve the recommended aerobic exercise intensity
and energy expenditure (Lanningham-Foster et al.
2009; Douris et al. 2012; LeGear et al. 2016).
Furthermore, interventions using exergames may be
better than traditional programs regarding motivation
and compliance. Individuals who received Wii
generally report increased enjoyment and engagement
(Franco et al. 2012; Yuen et al. 2013; Tatla et al.
2014). The affective response to exercise has been
widely related to exercise adherence, as participants
are more likely to continuously engage in exercise
programs if they previously experienced positive
affective responses (Williams 2008; Lee et al. 2016).
Thereby, exergames can be a valuable tool to increase
exercise compliance, allowing programs to effectively
facilitate energy expenditure, promote physical
fitness, improve sensorimotor functions and prevent
sedentary behaviour.
Although there are a few studies exploring the
feasibility and efficacy of exergame interventions for
children and adolescents with DS (Wuang et al. 2011;
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Berg et al. 2012; Lin & Wuang 2012), there are no
studies addressing its effectiveness for adults with DS.
This study aims to analyse the effects of a Wii-based
exercise program on physical fitness, functional
mobility and motor proficiency of adults with DS.
Methods
Participants
Adults diagnosed with DS, aged between 18 and
60 years, were recruited from the following
occupational centres: Centro de Actividades
Ocupacionais de Areosa da Associação Portuguesa de Pais
e Amigos do Cidadão Deficiente Mental de Viana do
Castelo and Cooperativa de Educação e Reabilitação de
Cidadãos Inadaptados de Guimarães. Participants were
excluded if they had any kind of
neuromusculoskeletal disorder or severe sensory
impairments. Subjects that performed any sort of
regular physical exercise or sports were also excluded.
Thirty-two participants were assessed for eligibility.
Five participants were excluded, either by not being in
compliance with the inclusion criteria (n = 3),
withdrawing from the study (n = 1) or leaving the
country after the initial assessment (n = 1). Therefore,
27 participants were randomly allocated to the
experimental group (Wii-based exercise program;
n = 14) or control group (n = 13), using a block
randomisation by gender. There were two dropouts in
the experimental group, and thus, 25 participants
completed all the intervention sessions and
assessment procedures (Fig. 1).
Instruments
Regarding anthropometric measurements, height was
measured by using a stadiometer with a 0.1-cm
accuracy. Waist circumference was measured at the
narrowest point between the external surface of the
last rib and the anterior superior iliac spine, using a
757
Figure 1 Flow chart for selection of study participants.
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steel anthropometric tape with 0.01-m intervals.
Weight, body mass index (BMI), body fat percentage,
visceral fat levels and muscle mass were obtained by
using a segmental body composition analyser (Tanita
BC 531).
Physical fitness was assessed by using the Eurofit
Test Battery (Oja & Tuxworth 1995), allowing to
evaluate numerous fitness domains, namely, speed of
limb movement (Plate Tapping Test), static arm
strength (Handgrip Test), running speed and agility
(Shuttle Run), balance (Flamingo Balance Test),
flexibility (Sit and Reach Test), explosive leg power
(Standing Broad Jump), trunk strength (30-sec Sit-
Ups), muscular endurance (Bent Arm Hang) and
aerobic endurance (Six-Minute Walk). The Eurofit
Test Battery has been proven as a reliable tool to
assess physical fitness in people with IDs, with
intraclass correlation coefficients between 0.94 and
0.99 (MacDonncha et al. 1999)
Secondary outcome measures included the Timed
Up & Go Test to assess functional mobility
(Podsiadlo & Richardson 1991) and the response
speed subtest of the Bruininks–Oseretsky Test of
Motor Proficiency First Edition (Bruininks 1978) and
the beanbag overhead throw (Carmeli et al. 2008) to
assess motor proficiency. The Timed Up & Go Test
has been proven as a reliable tool to assess functional
mobility in individuals with DS, with excellent
intrasession reliability (intraclass correlation
coefficient = 0.93–0.95) and reproducibility (0.82)
(Nicolini-Panisson & Donadio 2014). The use of
motor proficiency tasks with subjects with IDs has
been reported (Connolly & Michael 1986; Carmeli
et al. 2012).
Procedures
This study was approved by the Ethics Committee
from the Porto Polytechnic Institute Health School, and
institutional authorisation was given by both Centro de
Actividades Ocupacionais de Areosa da Associação
Portuguesa de Pais e Amigos do Cidadão Deficiente
Mental de Viana do Castelo and Cooperativa de
Educação e Reabilitação de Cidadãos Inadaptados de
Guimarães. Initially, study procedures were explained
to all potential participants. Families and legal
guardians of the individuals interested in participating
were contacted and fully informed about the study
procedures. Finally, informed consent from both
participants themselves and the participant’s legal
representatives was obtained, according to the
Declaration of Helsinki.
Participants were then screened for eligibility and
completed the assessment procedures, which were
performed by trained researchers blinded to the
randomised intervention conditions. Assessment
procedures were completed again after the
intervention period.
During the intervention period, the experimental
group completed a 2-month Wii-based exercise
program encompassing up to 22 sessions that were
included in the regular occupational therapy program
of both institutions. Participants completed three 1-h
sessions per week, either individually or together with
another participant (half the sessions in each format).
Individual sessions were performed by using the Wii
Fit Balance Board, allowing participants to perform
balance and isometric strength exercises provided by
the following games: ‘free run’, ‘heading’, ‘table tilt’,
‘snowboard slalom’, ‘tightrope tension’, ‘hula hoop’,
‘balance bubble’ and ‘penguin slide’. Paired sessions
mainly targeted aerobic endurance, as participants
completed several sports-related and dancing games
(Wii Sports, Wii Sports Resort, Wii Fit and Just Dance
2), including ‘swordplay’, ‘boxing’, ‘cycling’, ‘table
tennis’ and ‘Just Dance 2’. The control group
completed their usual daily activities (treatment-as-
usual) on their occupational centre such as vocational
rehabilitation, life-skill training and art-related
activities, among others.
Independent samples t-tests were used to verify the
differences between the two groups at baseline. A
2 × 2mixed factor analysis of variance was used to test
for differences between control condition and
exercise intervention (between-group effects) and
differences between baseline and post-intervention
(within-group effects). Post-hoc analysis was used to
assess the effects within each group. Homogeneity of
variance and residual normality assumptions were
tested by using the Levene’s and Shapiro–Wilk tests
respectively. If assumptions were not met, change
scores for those outcome measures were computed.
Change scores for each group were compared by
using independent samples t-test or Mann–Whitney
U tests, depending on the normality of the data.
Analyses were led separately for all the outcome
variables including anthropometric measures,
physical fitness, functional mobility and motor
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proficiency tests. All tests were applied with a
significance level of 0.05.
Effect size analysis for each group was calculated by
using Cohen’s d. Cohen’s d is obtained by the
difference between the pre-test and post-test average,
divided by their common standard deviation. Given
that the calculation was for within group effects, we
correlated both means and used Morris & DeShon’s
(2002) equation. Calculations were completed by
using the G*POWER software (version 3.1). Effect sizes
were classified as small (d < 0.2), small to moderate
(d = 0.2–0.4), moderate to large (d = 0.5–0.8) and
large (d > 0.8) (Lipsey & Wilson 2001).
Results
At baseline, there were no significant group
differences regarding age, gender, height or any of
the outcome measures (p > 0.05), with the exception
of the Plate Tapping Test (p = 0.048). Thereby, it
can be assumed that participants in both groups were
similar in relevant variables at the moment the
intervention began (Table 1).
Mixed analysis of variance analysis showed
significant group by time interaction on Sit and
Reach Test (p = 0.027), Standing Broad Jump
(p = 0.003) and Six-Minute Walk (p = 0.005).
There were also significant main effects for time
on waist circumference (p = 0.009), Handgrip
Test (p = 0.004), Standing Broad Jump
(p < 0.001), Bruininks–Oseretsky Response Speed
Subtest (p = 0.034) and left-handed Beanbag
Overhead Throw (p = 0.040). There were no
significant interactions or main effects for body fat
percentage, muscle mass and right-handed
Beanbag Overhead Throw (Table 1).
Post-hoc analysis revealed significant improvements
in the experimental group after the intervention on
waist circumference (p = 0.008), Handgrip Test
(p = 0.025), Sit and Reach Test (p = 0.014), Standing
Broad Jump (p< 0.001), Six-MinuteWalk (p = 0.003)
and Bruininks–Oseretsky Response Speed Subtest
(p = 0.028). Participants from the control group also
experienced improvements in the Handgrip Test
(p = 0.039) (Table 1).
Homogeneity of variance and/or residual normality
assumptions were violated for body weight, BMI,
visceral fat, Plate Tapping Test, Shuttle Run,
Flamingo Balance Test, 30-Sec Sit-Ups, Bent Arm
Hang and TUG. Thereby, independent samples t-test
or Mann–Whitney U tests were used to compare the
change scores between groups for these outcomes.
Independent samples t-test for change scores
indicated significant between-group differences
regarding Plate Tapping Test (p = 0.045), 30-Sec Sit-
Ups (p = 0.040) and Timed Up & Go (p = 0.049), as
well as a trend towards significant on body weight
(p = 0.059). Mann–Whitney’sU test for change scores
displayed between-group differences for visceral fat
(p = 0.036) and Shuttle Run (p = 0.014). Descriptive
statistics suggest that participants in the experimental
group clearly improved on all these outcome
measures, whilst the control group remained fairly
unchanged or worsened. Mann–Whitney’s U test for
change scores also displayed no significant differences
between group on BMI, Flamingo Balance Test and
Bent Arm Hang (Table 1).
Discussion
To our knowledge, this is the first trial exploring the
effects of an exergame intervention on adults with
DS. Our findings suggest that Wii-based exercise can
improve functional mobility and several physical
fitness outcomes in this population including aerobic
endurance, running speed and agility, lower
extremities and abdominal strength, speed of limb
movement and flexibility. It is important to notice
that previous studies using Wii-based exercise for
children and adolescent with DS have reported
similar findings. Wuang et al. (2011) developed a trial
with 105 children with DS in order to compare a 24-
week (1 h, twice a week) Wii Sports gaming
intervention with standard occupational therapy. The
Wii Sports group significantly improved performance
in several motor proficiency measures such as running
speed and agility, upper limb coordination and fine-
motor skills as well as in visual-integrative abilities
and sensory integrative functions. Another trial from
Lin &Wuang (2012) combined treadmill exercise and
Wii Sports games to engage adolescents with DS in a
6-week strength and agility training (35 min, 3 times
per week), reporting significant improvements in
agility and muscle strength, especially in the lower
extremities. There is also a case report using a home-
based 8-week Wii intervention protocol that reported
improvements in postural control and several motor
skills, namely, running speed and agility, balance,
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upper limb coordination and manual dexterity (Berg
et al. 2012).
There is clearly growing evidence supporting the
effectiveness of exergames on physical fitness-related
outcomes for people with DS. Thereby, it is
important to notice that this is the first study that
found significant effects of an exergame intervention
on aerobic endurance of people with DS. The within-
group effect on the Wii-intervention group was large
(d = 0.982), which is quite significant as there is some
controversy regarding exercise and cardiorespiratory
fitness in people with DS. Andriolo et al. (2010) stated
that there was no sufficient evidence to demonstrate
that aerobic exercise improves cardiorespiratory
fitness in individuals with DS. Conversely, Dodd &
Shields (2005) had opposite findings, suggesting that
aerobic exercise could increase several
cardiorespiratory fitness outcomes (peak oxygen
consumption, peak minute ventilation, time to
exhaustion and maximal workload). There is also
evidence from adolescents with DS suggesting that
engaging in moderate-to-vigorous physical activity is
associated with enhanced cardiorespiratory fitness
measured by peak rate of oxygen consumption and
maximum heart rate (Matute-Llorente et al. 2013).
Thus, it is clear that our findings are extremely
relevant and may suggest that exergames can be an
important alternative to improve health-related
physical fitness, as aerobic capacity is strongly
associated with cardiovascular disease and all-cause
mortality (Sui et al. 2007; Kodama et al. 2009;
Després 2016).
Moreover, in our trial, there were also significant
increases in muscular strength measures. Meta-
analytic findings support strength training for people
with DS, and there is a wide range of training
procedures that have proven to be effective (Li et al.
2013). However, our findings suggest that Wii-based
exercise can be an effective alternative to improve
muscular strength, especially in the lower extremities
where moderate effects were observed (d = 0.570).
This is particularly important as there are several
studies reporting reduced muscle strength on knee
flexors and extensors as well as on hip abductors in
people with DS compared with healthy controls
(Pitetti et al. 1992; Angelopoulou et al. 2000; Mercer
& Lewis 2001).
Interestingly enough, there is evidence suggesting
that lower extremity strength is closely associated with
cardiorespiratory fitness, which may help to
understand our two major findings regarding physical
fitness (K. H. Pitetti & Boneh 1995). Furthermore,
there is evidence suggesting that daily living tasks and
gait performance in individuals with DS are closely
related to both lower extremity strength and aerobic
capacity (Galli et al. 2008b; Cowley et al. 2010; Galli
et al. 2010). These assumptions may help us to
understand the large effects observed in our trial
regarding functional mobility (d = 1.109). Functional
mobility is reduced in children and adolescents with
DS compared with typically developing individuals
(Nicolini-Panisson & Donadio 2014), but our
findings suggested that exergames may allow
attenuating these deficits by improving the underlying
physical fitness impairments.
It is also worth to mention the almost significant
decrease in body weight observed in the experimental
group in comparison with the control group, a similar
result to the Wii plus aerobic exercise trial from Lin &
Wuang (2012). There was also a significant difference
in visceral fat change score favouring the experimental
group, further suggesting that the Wii-based exercise
program may be effective to promote changes in
anthropometric measures. There are several studies
reporting no changes in body composition outcomes
after exercise in DS, including body weight, BMI,
skinfold measures and body fat (Varela et al. 2001;
Rimmer et al. 2004; Ulrich et al. 2011). Only the
exercise training program from González-Agüero
et al. (2011) allowed a decrease in total fat and
improvement in lean masses. Thereby, the marginal
findings regarding anthropometric measures in our
study are no surprise, although future trials should
explore whether increased dosage in Wii protocols
could actually allow for changes in body composition.
Although our study had major findings, the small
sample size may have limited the power to detect
significant differences in other physical fitness
outcomes, especially body composition. The selected
outcome measures for physical fitness are another
important topic when addressing our findings. The
Eurofit Test Battery is a reliable tool to assess and
discriminate the performance levels of physical fitness
in patients with IDs (MacDonncha et al. 1999;
Skowronski et al. 2009). Specifically, the field-based
Six-Minute Walk Test has also been used to assess
aerobic capacity in this population (Mosso et al.
2011). However, according to the American College
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of Sports Medicine (2009), maximal oxygen uptake is
considered the most reliable measure of
cardiorespiratory fitness. There is a wide range of
validated laboratory and field tests to assess aerobic
capacity in people with DS. Future trials should select
gold standard measures as the reliability of
cardiorespiratory fitness assessment is crucial for
exercise prescription (Seron & Greguol 2014). Our
positive findings on functional mobility also leave
room to wonder if Wii-based exercise can improve
performance on more demanding everyday tasks, and
future trials should explore other functional-related
outcomes. Finally, the role of Wii-based exercise
intensity and dosage on physical fitness of people with
DS is yet to be understood as most protocols until
now have used similar designs. Thereby, the effects of
long-term and high-intensity exergame training may
also be explored by researchers.
Conclusion
Our findings suggested that Wii-based exercise can
be an effective tool to improve physical fitness,
functional mobility and motor proficiency of adults
with DS, including crucial measures such as aerobic
capacity and lower limb strength. People with DS
present higher all-cause mortality rates and
increased risk of developing cardiovascular diseases,
which reinforces the need to develop exercise
interventions that effectively engages this population
and improves their physical fitness. Thereby,
exergames using Wii Fit or other equipment can be
appealing alternatives for adults with DS to engage
in regular physical activity as the required games are
fun and enjoyable and the equipment is inexpensive
and can be set up at home.
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